Abstract. Multiple-input multiple-output (MIMO) wireless communication systems could increase the spectral efficiency and system performance significantly. Maximum likelihood detection (MLD) algorithm provided the best bit error rate (BER) performance for MIMO communication system. Calculating complexity of MLD increased exponentially with the constellation size and the transmit antenna number. Original Chase detector, with lower calculating complexity, was combined of a list detector followed with some V-BLAST sub-detectors. There were error propagations in this algorithm. The order of signal detection was critical because of serial detection in Chase detector. In order to get better trade-off between detection performance and calculating complexity in MIMO wireless communication system, an improved Chase detection algorithm based on SNR maximum was presented here which could reduce error propagation efficiently. Parallel linear detectors were used in sub detectors to improve the bit error performance with lower complexity further more. The proposed algorithm could obtain proper trade-off between calculating complexity and detection performance, and simulation experiment results show its validity.
Introduction
In rich scattering wireless communication system, without increasing the bandwidth or transmitted power, MIMO systems can provide enormous capacity increases [1] - [2] . Because of this benefit, MIMO technique has been considered as a promising communication standard in modern high-speed wireless system. Detection scheme in MIMO system is more complex than in Single-Input Single-Output (SISO) communication systems, since the received signal at each receiver antenna element are superposition of simultaneously transmitted multiple signals weighted by their corresponding multi-path channels. In order to decode symbols, signal detection algorithms for MIMO systems have attracted much interest, and many detection techniques had been proposed in recent years.
Detection algorithms are usually divided into two categories: line detection algorithm and nonlinear detection algorithms. Linear detection algorithms such as zero-forcing (ZF) detection and minimum mean square error (MMSE) detection have lower computational complexity and lower detection performance [3] - [4] .
Nonlinear detection algorithms, such as Maximum likelihood (ML) detection [5] , serial interference cancellation (SIC), V-BLAST detection [6] , parallel interference cancellation (PIC) [7] , tree search algorithm [8] , etc, have better detection performance with higher complexity comparing with linear detection.
ML detection is the optimal detection algorithms at the best bit-error rate (BER) performance. The complexity of ML is growing exponentially with the number of transmit-antennas and the order of modulation which results the prohibitive using in practice system. The Chase detector [9] - [10] for MIMO channels is a combination of a list detector and a bank of parallel sub-detectors. By modifying the list length, Chase could be regarded as the unified framework of existing detectors including ML, ZF, MMSE, SIC, and V-BLAST.
From the Chase framework, it can be seen that Chase detection is one of successive interference cancellation detection algorithms in essence. The importance of first symbol to be detected correctly should be considered fully because when incorrect symbols are selected in the first detection stage, it will lead to error propagation in later sub-detectors, and this will result in bad detection performance of the algorithm.
In order to reduce the error and to reduce the complexity in Chase detection framework, an improved multistage detection algorithm is proposed here. Based on maximum the signal noise ratio (SNR), the sorted QR decomposition is performed in the first stage, which can reduce the producing of error at this stage, and a list is obtained in this step. Parallel sub detector will be performed using linear detector by selecting symbols with smaller accumulated metrics, trade-off between performance and complexity can be obtained in the proposed algorithm.
Model and Original Detection Algorithm System Model
Un-coded MIMO system with t N transmit antennas at the transmitter and r N antennas at the receiver ( r t N N ≥ ). The wireless channel is assumed to be quasi-static, so the received signal vector can be represented as
is the received symbol and ( ) ( 
Ω is the set of modulation constellation, Ω is the cardinality of modulation constellation. MLD is an exhaustive searching which performs searching over the whole alphabet that the computational complexity of ML algorithm grows exponentially with the number of transmits antenna and the cardinality of the modulation.
Original Chase Algorithm
The original Chase detector defines a framework for comparing existing MIMO detection algorithms. Diagram is shown in Fig.1 . 
: 2 i R is the 2-norm of the th i row of R . It can be seen that the maximum of posteriori SNR of the th i − layer was corresponding to the maximum column norms of R. So the optimized ordered rule of maximum SNR is equivalent to the order of row 2-norm of R .
In order to reduce the error produced in the first detection step, the detection should be started with the layer of maximum SNR. Since the detection is starting from the last layers, so we can get the order of should be sorted from minimum to maximum. Therefore, the order rule can satisfies the lowest layer of maximum SNR.
Improved Chase detector
The proposed algorithm (named as SNR max -Sorted Chase) can be summarized as following: QR-decomposition of channel matrix firstly, (10) Deciding and getting the final detected signal as x = Tx .
Simulation
Here considering a MIMO system with From the comparison results, it can be found that the BER performance of the proposed algorithm was improved comparing with original Chase at same length of list.
Summary
Ordered QR algorithm based on maximum SNR was used here which could sort the detection order without calculating pseudo-inverses of channel. By setting two adjustable parameters, an improved Chase detector was proposed here which added a stage in front of original Chase detector. Error could be reduced to minimum by the first stage, and ordered SQRD was performed in the last stage for reducing complexity of algorithm. Trade-off of the complexity and performance could be obtained by adjusting the number of maximum likelihood detection layers and the list length. Simulation results show the validity of proposed algorithm.
